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SYMBOLS USED 

Q 
To and 

a 
h 
L 
7 
U 

E 

-- h e a t  f l u x  along sp ike  
- -  temperature  a t  base  o f  spike and a t  d i s t ance  x from base  

r e s p e c t i v e l y  
-- angle  a t  t i p  o f  sp ike  
- - h e a t  conduct iv i ty  c o e f f i c i e n t  
-- l ength  o f  sp ike  
- -  angle  between sp ike  axes 
- - Ste fan -  Bo I t  zman r a d i a t i o n  cons t an t  
-- degree o f  blackness  
-- e f f e c t i v e  r a d i a t i o n  dens i ty  from long i tud ian l  c ros s - sec t ion  o f  

s p i k e  i n  ques t ion  
-- same f o r  neighboring spike ( f i g u r e  lb )  

T 

(x) -- d e n s i t y  of i n c i d e n t  r a d i a t i o n  from neighboring sp ike  a t  
long i tud ina l  c ross -sec t ion  o f  s p i k e  i n  ques t ion  E i n c  z 

E*inc  z 
XE*inc(x) 

E*ef(xl 

r -- r ad ius  o f  body be ing  cooled 
s o  
N 

n -- number o f  sp ikes  i n  r a d i a t o r  

' min 
0 

( X I  - -  same, averaged around per imeter  o f  sp ike  i n  ques t ion  

- -  i n c i d e n t  r a d i a t i o n  dens i ty  from a l l  neighboring s p i k e s ,  

-- dens i ty  o f  e f f e c t i v e  r a d i a t i o n  c a l c u l a t e d  i n  cons idera t ion  o f  
averaged around per imeter  o f  sp ike  i n  ques t ion  

i n c i d e n t  r a d i a t i o n  averaged around per imeter  

- s m 3 9  
- -  wall th ickness  of hollow s p i k e  
-- h e a t  conduct iv i ty  parameter of sp ike  ( N  

-- minimum angle  between axes of sp ikes  f o r  given r a d i a t i o n  v a r i a n t  

-- e f f e c t i v e n e s s  o f  r a d i a t o r  system 
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I N V E S T I G A T I O N  OF A R A D I A T O R  SYSTEM 
W I T H  C O N I C  HEAT TRANSFERRING S P I K E S  

Yu. G. Zhulev and Yu. F. P o t a p o v  

ABSTRACT. An ana lys i s  i s  presented  o f  t h e  problem o f  t h e  
design and opt imiza t ion  o f  a r a d i a t i n g  system c o n s i s t i n g  
o f  r a d i a l l y  p l aced  con ica l  sp ikes  on an i so thermal ,  cooled 
sphere .  
i s  determined from t h e  condi t ion t h a t  t h e  bases  o f  t h e  
most c l o s e l y  p laced  sp ikes  meet a t  the  su r face  o f  t h e  
sphere and t h e  sp ikes  a r e  s o  p laced  t h a t  t h e  p o i n t s  o f  
i n t e r s e c t i o n  o f  t h e i r  axes with t h e  su r face  o f  t h e  sphere  
are t h e  peaks o f  a r i g h t  polyhedron i n s c r i b e d  wi th in  the  
sphere .  Analysis o f  t h e  r e l a t i o n s  produced indicate ,s  t h a t  
t he  s o l u t i o n  o f  t he  problem can be reduced t o  t h e  s o l u t i o n  
of  a system o f  two equat ions  with two unknown funct ions  
f o r  t h e  temperature a t  a given d i s t ance  from the  base  o f  a 
sp ike  and t h e  e f f e c t i v e  r a d i a t i o n  d e n s i t y  a t  the  given 
d i s t ance  from t h e  base o f  t h e  spikk.  The method of calcu-  
l a t i o n  can be extended t o  inc lude  systems with va r ious  
groups o f  sp ikes  under var ious condi t ions  o f  r a d i a t i o n  
i n t e r a c t i o n .  

The case i s  analyzed when t h e  r ad ius  o f  t h e  sphere 

In t h e  p a s t ,  a number o f  i n v e s t i g a t i o n s  have been publ i shed  on t h e  - / I 1  
p o s s i b i l i t y  o f  i n t e n s i f y i n g  h e a t  exchange from hea ted  bodies  i n  a vacuum us ing  
both f l a t  and c i r c u l a r  r a d i a t i n g  f i n s .  However, i n  many cases ,  when t h e  
s u r f a c e  o f  t h e  body t o  be cooled may be s imilar  t o  a polyhedron o r  a sphere ,  
t h e  h e a t  r a d i a t i n g  elements may be  sp ikes  r a t h e r  than  f i n s .  

Let us analyze the  problem o f  t h e  design and opt imiza t ion  o f  a r a d i a t i n g  
system c o n s i s t i n g  o f  con ica l  r a d i a t i n g  sp ikes  loca t ed  on an i so thermal  sphere 
t o  be cooled and extending out  i n t o  space ( f i g u r e  l a ) .  We w i l l  analyze t h e  
case when: t h e  axes o f  t h e  sp ikes  pass  through t h e  c e n t e r  o f  t h e  sphere  t o  be 
cooled, and t h e  rad ius  o f  t h e  sphere i s  determined from t h e  condi t ion  t h a t  t h e  
bases  o f  t h e  most c l o s e l y  loca t ed  sp ikes  touch a t  t h e  su r face  o f  t h e  sphere :  

x 

Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  the  fore ign  t e x t .  
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2 .  
with  t h e  su r face  o f  t h e  sphere a r e  t h e  peaks o f  a r i g h t  polyhedron i n s c r i b e d  i n  
t h e  sphere .  

The s p i k e s . a r e  s o  loca ted  t h a t  t h e  p o i n t s  o f  i n t e r s e c t i o n  o f  t h e i r  axes 

We w i l l  analyze t h e  problem under the fol lowing assumptions: 

1. The s u r f a c e  o f  t he  body t o  be  cooled no t  covered with sp ikes  i s  small 
i n  comparison wi th  the  s u r f a c e  covered with s p i k e s .  

2 .  The temperature  through t h e  c ros s - sec t ion  o f  t h e  sp ikes  i s  cons tan t ,  
and the  su r faces  o f  t h e  sp ikes  are gray d i f f u s i o n  r a d i a t o r s .  

3. The h e a t  exchange between any two sp ikes  o f  t h e  system w i l l  be  equal  
t o  t h e  h e a t  exchange between t h e  long i tud ina l  c ros s - sec t ions  o f  t h e s e  sp ikes  

( f i g u r e  lb )  . In c a l c u l a t i n g  t h e  mutual i r r a d i a t i o n  o f  t h e  s p i k e s ,  t h e  body 
be ing  cooled can be rep laced  by a polyhedron, and t h e  bases  o f  t h e  sp ikes  a r e  
assumed t o  be f l a t  ( f igu re  I C ) .  

wi th  p lanes  perpendicular  t o  t h e  p lane  i n  which t h e  axes o f  the  sp ikes  l i e  - / 2  

4. The surrounding space is  a black body wi th  zero temperature .  

Considering t h e  above, The l a w  o f  thermal r a d i a t i o n  and t h e  equat ion  f o r  
thermal conduc t iv i ty  along t h e  sp ike  w i l l  be c o r r e c t  i n  t h e  fol lowing form: 

Since Q = 0 where x = L ,  equa t ions  ( 2 )  and (3) allow us t o  produce t h e  fol lowing 
express ion  t o  determine t h e  d i s t r i b u t i o n  o f  temperature  along a sp ike  : 

( t h e  s u b s c r i p t s  z ,  Y, 5 ,  e tc .  i n d i c a t e  t h e  long i tud ina l  coord ina tes  o f  t h e  
s p i k e s  wi th  which the  sp ike  be ing  analyzed e n t e r s  i n t o  r a d i a n t  i n t e r a c t i o n s ) .  
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, The boundary condi t ion  f o r  (4) i s  T = T where x = 0.  0 

i n  c Let us f i n d  t h e  express ion  f o r  EE* (x) ;  t o  do t h i s ,  we must f irst  

determine t h e  value o f  E 

o t h e r  ( f i g u r e  l b ) .  We w i l l  cons ider  t h a t  t h e  d e n s i t y  o f  t h e  i n c i d e n t  r a d i a t i o n  
does no t  depend on t h e  coordinate  y (see f i g u r e  lb )  and i s  equal  f o r  each value 
of  t h e  average q u a n t i t y  a long band 2(L - x) t an (d /2 ) .  Then, t h e  express ion  f o r  
t he  determinat ion o f  E (x) w i l l  have t h e  form: i n c  z 

(x) f o r  two  s p i k e s  loca t ed  a t  angle  Y from each i n c  z 

I 0 

The i n c i d e n t  r a d i a t i o n  averaged around t h e  pe r ime te r  with cross s e c t i o n  x 
w i l l  be determined from t h e  r e l a t i o n s h i p :  

We no te  a l s o  t h a t  f o r  systems with n = 1 2  and 20, f o r  which the  angles  
between var ious  sp ikes  are no t  i d e n t i c a l ,  where Y > Y t h e  lower l i m i t  i n  

express ion  (7) i s  a func t ion  o f  x,  t h e  form o f  which can be determined from 
geometric cons ide ra t ions .  

min 

Analysis  o f  t h e  r e l a t i o n s h i p s  produced shows t h a t  t h e  s o l u t i o n  o f  t h e  
problem can be reduced t o  s o l u t i o n  o f  a system o f  two equat ions (4) and (5) with 
two unknown funct ions  T(x) and E*ef(x).  

v a r i a n t  o f  t h e  s p a t i a l  placement o f  the 
system o f  equat ions (4)  and (5) was solved numerical ly  by machine us ing  t h e  
method o f  success ive  approximations.  
f i g u r e s  2 and 3 i n  t h e  form o f  dependences o f  t h e  e f f e c t i v e n e s s  o f  t h e  system 
on e ,  a and N f o r  var ious  numbers o f  r a d i a t i n g  s p i k e s .  
t h e  system means t h e  r a t i o  o f  t h e  ac tua l  r a d i a t e d  f l u x  t o  t h e  l i m i t i n g  f l u x  
which would be r a d i a t e d  by t h e  system with i n f i n i t e l y  g r e a t  h e a t  conduc t iv i ty  

The parameters  o f  t h e  problem f o r  each 

sp ikes  w i l l  be:  E ,  a and N .  The 

t h e  r e s u l t s  o f  t he  s o l u t i o n  are shown on 

The e f f e c t i v e n e s s  o f  
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of  t h e  sp ike  material and wi th  no r ad ian t  i n t e r a c t i o n  between sp ikes .  

The dependences o f  f i g u r e s  2 and 3 allow us t o  determine t h e  f l u x  c a r r i e d  / 4  
away i f  we know t h e  geometr ic  dimensions o f  t h e  system, and a l s o  t h e  values  of - 
e ,  T and t h e  h e a t  conduct iv i ty  of t he  ma te r i a l .  

on f igu res  2 and 3 i s  determined from dependence (1 ) .  

The va lue  To f o r  each curve 0 

The r e s u l t s  produced above are a l s o  c o r r e c t  f o r  hollow con ica l  sp ikes  
( f igu re  Id) f o r  which t h e r e  i s  no h e a t  exchange between t h e  i n t e r n a l  su r f aces  
and the  th i ckness  o f  t h e  wall 6 i s  determined from t h e  r e l a t i o n s h i p  

In  t h i s  case, when t h e  dependences o f  f i gu res  2 and 3 a r e  used, parameter  N 
should be rep laced  by parameter  N1, which i s  determined from t h e  r e l a t i o n s h i p  

N1 = N/(1 - G 2 ) .  

The dependences o f  f i g u r e s  2 and 3 allow us i n  each concre te  case t o  
perform op t imiza t ion  o f  t h e  r a d i a t i n g  system be ing  i n v e s t i g a t e d .  

The method o f  c a l c u l a t i o n  he re  presented  can be extended t o  systems f o r  
which var ious  groups o f  sp ikes  w i l l  f i n d  themselves under var ious  condi t ions ,  
i n  t h e  process  o f  r a d i a t i o n  i n t e r a c t i o n .  In  t h i s  case,  t h e  i n i t i a l  system o f  
equat ions  w i l l  inc lude  only the  i n t e g r o - d i f f e r e n t i a l  equat ions l i k e  (4)  and 
i n t e g r a l  r e l a t i o n s h i p s  l i k e  (S) ,  as many as t h e r e  a r e  groups o f  s p i k e s  which 
d i f f e r  from each o t h e r  i n  t h e i r  h e a t  balance cond i t ions .  
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